Abstract: Several quite severe droughts occurred in Europe in the 21 st century; three of them (2003, 2012 and 2015) hit also Slovakia. The Standardized Precipitation Index (SPI) and Standardized Precipitation and Evapotranspiration Index (SPEI) were used for assessment of meteorological drought occurrence. The research was established on discharge time series representing twelve river basins in Slovakia within the period 1981-2015. Sequent Peak Algorithm method based on fixed threshold, three parametric Weibull and generalized extreme values distribution GEV, factor and multiple regression analyses were employed to evaluate occurrence and parameters of hydrological drought in 2003, 2011-2012 and 2015, and the relationship among the water balance components. Results showed that drought parameters in evaluated river basins of Slovakia differed in respective years, most of the basins suffered more by 2003 and 2012 drought than by the 2015 one. Water balance components analysis for the entire period 1931-2016 showed that because of continuously increasing air temperature and balance evapotranspiration there is a decrease of runoff in the Slovak territory.
INTRODUCTION
The attention paid to drought periods occurrence is going to be more and more pronounced in both -scientific research community and governmental economy sector. Moreover, drought is much more perceived also by a general public. According to Andreu et al. (2015) , over the last 25 years droughts covered more than 800,000 km 2 of EU territory (37%) and affected more than 100 million people (20%). The total cost of drought over the past 30 years amounts to more than 100 billion Euros.
Factors of drought development, quantification measures, and temporal and spatial propagation patterns are the most often studied aspects of drought in the research community. The attention paid to drought research is reflected also in the number of publications which could be found in scientific databases.
The economical consequences are also quite intense through rising prices of goods because of decreased agricultural production, increase of energy prices or decrease in employment. The perception of drought in the general public is more practically oriented on drought impacts, e.g. drinking water supply shortage, threat of wild fires, heat waves threatening human´s organism with over-heating and potential collapsing, degradation of aquatic ecosystems.
Several quite severe droughts occurred in Europe since the beginning of the 21 st century, three of them: 2003, 2012 and 2015 hit also the territory of Slovakia.
The 2003 drought was widely studied by several authors because of its pan-European character. The climate synthesis of the 2003-year drought was done by Rebetez et al. (2006) . They confirmed that the 2003 meteorological data showed over wide regions monthly mean temperatures more than 4°C above the long-term mean values. The affected areas were mainly in the South-West, from Eastern Spain to Southern Germany, including most of continental Italy, Sardinia, Corsica, Switzerland, and most of France. The heat lasted from May to September in large parts of the western and central Europe ranging from Spain to Hungary and from Iceland to Greece being pronounced also on the Slovak territory. The lack of precipitation was severest during the summer, but generally, precipitation was below normal from February 2003 until June 2004 (with exception of two months). Air humidity was below the normal, sunshine duration and potential evapotranspiration were clearly above normal in summer 2003.
A hydrological review of the 2003 drought describing the similar effect of the extremely high summer temperatures and low precipitation on streamflow discharges was done in many countries, e.g., in UK by Marsh (2004) , for the Danube basin by Mikhailova et al. (2012) , for Slovakia by Sekáčová et al. (2004) and by Melová and Lupták (2006) . The review on Europe-wide reduction in primary productivity caused by the heat and drought in 2003 was done by Ciais et al. (2005) . Kendon et al. (2013) reported for the UK that for 2010-2012, the worst effects of an intense summer drought were avoided, because summer 2011 was cool and rather wetter than average overall. Most of the dry months occurred in the autumn, winter and spring seasons. Even though the 2010-2012 drought was not as severe as that of [1975] [1976] , it is comparable with several other major droughts in the past. According to Cindrić et al. (2016) , the Croatian 2011-2012 drought was characterised by extremely long duration in the continental region and in the highlands, where it has had the highest magnitudes since the beginning of the twentieth century. In comparison with the extreme 2003 drought, which had the highest intensity mostly on short-time scales but was associated with a strong heat wave during the summer, the 2011-2012 drought was a long-lasting one. The whole of 2003 was one of the 10 driest years since the beginning of the twentieth century due to extremely low spring precipitation amounts; whilst 2011 was one of the 2 driest years in the continental region and in the highlands. Corduneanu et al. (2016) analysed 2011-2012 drought, which was extremely severe in Prut River basin (Romania), beginning in late autumn in 2011 and lasted until autumn 2012. Zahradníček et al. (2015) noted that the weather conditions from August 2011 to May 2012 produced an extreme drought in the eastern Czech Republic (Moravia), whereas the patterns were nearly normal in its western region (Bohemia). According to the Palmer Drought Severity Index, the 2012 drought was classified as the worst in the past 130 years. The drought patterns were related to the prevailing highpressure systems over Central Europe and the occurrence of weather types with different precipitation amounts in Bohemia and Moravia. The most substantial drought effects occurred in the agricultural sector. A decrease in cereal yields was observed in the analysed production areas in Moravia, which was unprecedented in the past 52 years. According to Zahradníček et al. (2015) , Austria and Slovakia experienced a similar drought. Vido et al. (2016) documented the physiological response of tree species in the Central Slovakia on the driest months of the 2012; Šustek et al. (2017) documented the influence of the 2012 drought on decrease of beetle species number in the Tatra Mts. area.
The 2015 drought was studied from the point of view of precipitation and derived soil moisture by Orth et al. (2016) . The performed analyses reveal that the 2015 event was drier than both the recent 2003 or 2012 extreme summers in Central Europe. In terms of precipitation and temperature anomalies, the 2015 summer in Central Europe is found to lie between historical climate in the region and that characteristic of the Mediterranean area. According to the authors, the 2015 drought event illustrates that potential future drying trends have severe implications and could be stronger than commonly assumed from the entire IPCC AR5 model ensemble. Ionita et al. (2017) confirmed that the summer 2015 was the hottest and climatologically driest one over the 1950-2015 study period for an area stretching from the eastern Czech Republic to Ukraine. Other detailed studies were done on the pan-European scale by van Lanen et al. (2016), and Laaha et al. (2017) . According to Laaha et al. (2017) , the 2015 drought, comparing to 2003 drought, had a different spatial extent and in terms of low flow magnitudes the drought was rather moderate in most parts of the Europe, but more severe with return period of 100 years in Czech Republic, South-Eastern Germany and Northern Austria. The occurrence of the 2015 drought for six stations in the middle Danube River basin was predicted using the stochastic modelling by Stojkovic et al. (2017) .
Whereas the 2003 and 2012 droughts affected almost the whole territory of Slovakia, the 2015 drought in Slovakia can be characterized by spatial and temporal variability, affecting various regions with different strengths. The hydrological evaluation of the year 2015 was done by Škoda et al. (2016) , drought development in groundwater was analysed by Slivová and Kullman (2016) .
The paper is aiming to study five main items: 1. to characterize the meteorological situation in evaluated years 2003, 2012 and 2015 on the Slovak territory in context with the pan-European situation, 2. to assess meteorological drought in evaluated years based on Standardized Precipitation Index (SPI) and Standardized Precipitation and Evapotranspiration Index (SPEI), 3. to assess hydrological drought in evaluated years from the point of view of discharge absolute values, drought duration, deficit volumes, intensity and timing, 4. to analyse and discuss the hydrological drought with respect to long-term hydrological balance components changes 5. to accomplish the comparative analysis of the estimated drought parameters among the river basins and evaluated years.
MATERIAL AND METHODS

Study region
Slovakia is a landlocked central European country (16°-23° E, 47°-50° N), bordered by Poland, Ukraine, Hungary, Czech Republic and Austria (Fig. 1) where: P = precipitation, ETP = evapotranspiration and R = runoff, considerably varying between years. The mountainous character of the landscape and the position of mountain ranges, mostly stretching in the SW-NE direction, create conditions for orographic precipitation. The orographic division produces heavy rains in Slovak mountainous areas. The combination of the above factors ensures variable conditions with extreme hydrological phenomena occurrence in Slovakia.
Hydrological and meteorological data
Two types of the measured data were used for the analysis: (1) meteorological data on precipitation and air temperatures in a monthly step and (2) streamflow discharges from 12 gauging stations in a daily step.
The meteorological data used for Standardized Precipitation Index (SPI) calculation consisted in average monthly precipitation data over each of the evaluated river basins. The Standardized Moreover, air temperatures and areal precipitation data from the SHMI covering the Slovak territory were analyzed and compared with the meteorological conditions across the Europe (WMO, 2004; WMO, 2013; WMO, 2016) .
Daily discharges at 12 gauging stations of Myjava, Váh, Oravica, Kysuca, Nitra, Žitava, Hron, Ipeľ, Rimava, Poprad, Topľa and Torysa River basins ( Fig. 1) were processed, covering the period 1.1.1981 to 30.6.2016. The river basins were selected to cover the area of Slovakia; the majority of gauging profiles represent the near-natural runoff conditions. The basic data on river basins up to evaluated gauging stations are in Table 1 . The evaluated time period included also the first half of the year 2016 in order to detect the multi-year hydrological drought occurrence if present in evaluated time series.
The homogeneity of the time series was assessed using the software package AnClim (Stepanek, 2003) . The Alexandersson test (Alexandersson and Moberg, 1997; Alexandersson, 1986 ) was used to test the mean value change, as represented by the change in the mean value and the variance. Some statistical tests and procedures used within this study are based upon the normality requirement of the tested series. Therefore the Χ 2 and the Kolmogorov-Smirnov tests were used to test the distribution normality of the annual discharge series.
The spatial value of precipitation in each river basin was obtained using weighted average, in which the weights were estimated considering the area covered by the Thiessen polygons of rain-gauge stations, but also with consideration of annual precipitation regime at each station, which influence the contribution of particular station in total precipitation fallen in the river-basin.
The Standardized Precipitation Index (SPI) (McKee et al., 1993) was used to calculate values of indexes for 3-, 9-and 12-months. The SPI calculation for any location is based on the long-term precipitation record for a desired period (20-30 years of monthly values, optimally 60-70 years). This long-term record is fitted to a probability distribution (Gamma distribution is recommended), which is then transformed into a normal distribution so that the mean SPI for the location and desired period is zero. Positive SPI values indicate greater than median precipitation and negative values indicate less than median precipitation. Because the SPI is normalized, wetter and drier climates can be represented in the same way; thus, wet periods can also be monitored using the SPI (Table 2 ). The n-month SPI (n could be equal to 3, 6, 9, 12 or 24 months) compares the precipitation for that period with the same n-month period over the historical record. The 6-month SPI (SPI6) indicates seasonal to medium-term trends in precipitation. SPIs of 9-, 12-and 24-months can be regarded as indicative for stream flows, reservoir levels, and even groundwater levels at longer timescales (WMO, 2013). The SPI12 values were used for detailed evaluation of the meteorological drought in the studied area; they were calculated based on monthly weighted average areal basin precipitation. The Standardized Precipitation and Evapotranspiration Index (SPEI) was also used to evaluate the meteorological drought occurrence and intensity. The SPEI index was designed to take into account both precipitation and potential evapotranspiration (PET) in determining drought (Vincente-Serrano et al., 2010) . Thus, unlike the SPI, the SPEI captures the main impact of increased air temperature on water demand. The same classification scheme as for SPI (Table 2 ) was also used for the SPEI results analysis.
The runoff from the Slovak territory is calculated as the sum of the runoff depths from respective river basins, mostly based on the closing profiles data, recalculated into the total river basin area. In the case the river is the boundary river with another country, the runoff depths of the river tributaries are used for calculation.
Four basic drought parameters -the annual minimum 7 daydischarge (m 3 s -1
), maximum drought duration (days), maximum deficit volume (m 3 ) and drought intensity (m 3 day -1
) were calculated. The annual minimum 7-day index (AM7), representing the magnitude of the low flow event of a year, was obtained by using a central 7-day moving average .
A constant threshold, given by the Q 80 low flow quantile [P(Q ≥ Q 80 ) = 0.8] computed for the entire reference period 1981-2010 was used to identify the largest absolute dry states of the system. The concept of Sequent Peak Algorithm (SPA), based on depletion and recovery of the storage required to sustain the threshold discharge (Tallaksen and Van Lanen, 2004) , was used in the study. This concept often leads to detection of the multiyear drought in conditions with snowy winters when the discharges are naturally low because of very low recharge. After the drought event series have been identified, the event with the maximum volume per year was selected, described by drought duration and deficit volume. The last parameter -the drought intensity was calculated as the ratio between deficit volume and drought duration. All four drought parameters were compared with the values calculated for the reference period 1981-2010.
A three-parameter Weibull distribution was used to calculate the return period of the annual minimum value, and a generalized extreme values distribution (GEV) was used to calculate the return period of maximum drought duration, maximum deficit volume and drought intensity. The example of the drought parameters return periods estimation for Hron River basin is in Fig. 2 . Timing of drought, based on the dates of drought beginning and termination, and its seasonality were also studied.
Fig. 2.
Return periods estimation for drought parameters in Hron River basin at Brehy.
Analysing 21st century meteorological and hydrological drought events in Slovakia
Classical factor analysis (method of principal factor, Varimax rotation) (Überla, 1971) was applied on all estimated drought parameters aiming to find relationships among the evaluated river basins. Multiple regression methods were applied to estimate relations among the water balance components. The area`s average precipitation and runoff were calculated from the measured data, the balance evapotranspiration was calculated as the difference between the precipitation and runoff values.
RESULTS AND DISCUSSION Meteorological conditions
The study of meteorological data showed that the initial climatic conditions over the Europe were quite similar in all three dry years (2003, 2012, 2015) . There was a positive 500-hPa geopotential height anomaly in the upper level atmospheric circulation over the continental Europe, especially over the central and Eastern Europe WMO, 2004; WMO, 2013; WMO, 2016) .
The average summer temperatures for 2003 were higher than the long-term average of 1951-2015 across Slovakia. The anomaly reached up to 2.1°C in some places (South-Western part, the Hurbanovo station). Precipitation totals reached the area`s average value of 573 mm (74.5% of the long-term average, calendar year); the average precipitation deficit reached 189 mm (www.shmu.sk). According to area`s average precipitation, the year 2003 was very dry. However, two preceding years 2001 and 2002 were wet when comparing with the longterm average 1901-2000 (Melová and Lupták, 2006) .
The temperature for 2012 was also higher than long-term average; the anomaly in Hurbanovo (SW Slovakia) reached 1.9°C. Summer months were the warmest. According to precipitation the year was classified as normal with the deficit of 49 mm, the highest deficit was reached in March and August with 23 and 26% of the long-term average (www.shmu.sk).
The temperature for 2015 was 2.0 (the Hurbanovo station, SW Slovakia) to 2.3°C (the Košice station, SE Slovakia) higher than the long-term average of . Annual precipitation reached 710 mm which makes 94.5% of the longterm average (www.shmu.sk). According to area`s average precipitation, the year was classified as normal with a deficit of 41 mm.
The temperature in summer and beginning of fall in Slovakia in all three years was higher (Table 3) , but the precipitation totals were lower than the long-term average of for water year. Table 3 shows the development of the hydrological balance components in Slovakia during the period 1991-2016 in comparison with the average values of reference periods 1931-1960 and 1961-1990 . The precipitation amounts increased considerably by 41 mm when comparing to the 1931-1960 period and by 61 mm when comparing to the 1961-1990 period. Runoff decreased by 8.5/25.2 mm within the evaluated periods. However, the balance evapotranspiration (calculated as the difference between the precipitation and runoff value) increased by 69.4 mm comparing to the 1961-1990 period. Decrease in runoff and occurrence of drought despite increasing precipitation during 2001-2016 period is so pronounced that the deeper identification of such development would be necessary for each of evaluated basins.
Hydrological conditions
Meteorological drought
The evaluation of meteorological drought in the Slovak territory was based on the SPI and the SPEI calculation and brought following results. The SPI12 divides the study period into two parts and this division is quite clear in the majority of selected river basins. Dry conditions prevailed in the 1980s and in the first half of 1990s in all regions of Slovakia. The most severe droughts at that time occurred in the northern river basins. For example, the long-lasting and quite intensive droughts in the Poprad River basin, representing the mountainous river basin were interrupted only with short normal periods (Fig. 3 top) . River basins located in the southern Slovakia (Ipeľ, Rimava) having the lowland character in the major part of the basin, show very similar conditions in 1980s, but the period 1995-2010 was more heterogeneous than in the northern part of the country. Dry and wet periods had comparable duration and intensity and they alternated each other quite regularly (Fig. 3  bottom) . The southern region has experienced two extreme events since 2010. The extreme wet event in 2010 was the most intensive there, which was caused by prevailing south western to south eastern cyclonic situations. On the other hand, the extreme drought occurred in 2011-2012. Recent years were rather wet, especially considering only precipitation. Involving the potential evapotranspiration into consideration, the wet events after 2010 were milder according to the SPEI12. If we compare the SPI12 and SPEI12, both indices reached more or less similar values until 2000. Since then the SPEI12 has got the tendency to lower values than the SPI12. The situation in the Poprad and Ipeľ River basins is in Fig. 4 . When comparing to the rest of the Slovakian territory, the Topľa River basin (eastern Slovakia) has shown considerably different conditions since the mid-1990s. Dry conditions from the early 1990s persisted in the region until the early 2000s on contrary to the rest of basins. Another difference is in the duration and intensity of following wet periods according to the SPI12. The difference between the SPI and the SPEI after 2000 is also higher than in other study areas.
Despite the fact that after 2000 three highly remarkable droughts occurred in the Eastern Slovakian area, the Torysa River basin shows similar water balance features during the whole period 1981-2015 with prevailing dry conditions according to both, SPI12 and SPEI12 values.
Completely opposite tendency in water balance was observed in the western river basin (Myjava), where the wet conditions have evidently prevailed since the mid-1990s.
Hydrological drought
The variability in physical-geographical conditions in Slovakia is reflected also in very different hydrological drought periods occurrence around the country in 2003, 2012 and 2015. The results of drought parameters for all three evaluated years and for the reference period 1981-2010 are given in Table 4 . Table 4 . However, this was not the case in the rest of the basins, where either the lowest AM7 value, or the longest drought duration, or the highest deficit volume did not occur in the same year as the highest drought intensity. This is the case, e.g., of the Poprad River in 2012 (drought duration was in 50 days shorter than in 2003) or of Rimava River in 2015 (the value of AM7 was the highest among all three evaluated years).
The deficit volumes were the highest in most of evaluated basins in 2003 and 2012, being mostly also higher than the average highest deficit volumes in the reference period 1981-2010 (Table 4) . This was the case of Váh, Oravica, Nitra, Žita-va, Hron, Ipeľ, Rimava and Poprad River basins. Strongly different was the situation in Kysuca River basin, where the highest deficit volume was reached in 2015.
According to the highest value of the drought intensity, the year 2003 was the most extreme in Myjava and Topľa, the year 2012 in Váh, Oravica, Žitava and Poprad basins and 2015 in Kysuca and Rimava basins ( Table 4) The highest return periods of evaluated drought parameters were calculated as follows: (1) 
Hydrological drought timing
Timing of the drought periods with the highest deficit volume was different within evaluated years. The onset and ending timing of the assessed drought periods in 2003 , 2011 , and 7.
The drought in 2003 (Fig. 5 ) started in all basins during the summer period between 3 June and 12 August and ended between the 15 January and 28 March 2004. The only exception was the drought in the Kysuca River basin which lasted only for 60 days.
The starting day for 2012 drought was more variable comparing with the year 2003, dividing the evaluated river basins into two groups (Fig. 6) . Drought in the first group which includes basins located in the western, northern and eastern Slovakia (Myjava, Váh, Oravica, Kysuca, Poprad and Topľa River basins) started already in the period between 31 August and 29 October 2011 and lasted until January to March 2012. The second group of basins, located in the central and southern Slovakia (Nitra, Žitava, Hron, Ipeľ, Rimava and Torysa River), had the starting day of the drought between 11 May and 12 August 2012 with the deficit volume ending in the same year. In 2015 (Fig. 7) , the starting day of the drought with the highest deficit volume was between the 26 June and 24 August except of the Myjava River basin, where the onset of drought was shifted to 28 September. The 2015 drought finished in the same year in all basins out of two -in Torysa and Topľa River basins the deficit volumes estimated by the SPA method lasted until 13 January 2016 in the Torysa and 3 February 2016 in the Topľa River basin.
The prolonged drought duration from the summer-autumn months over the winter is mostly connected to the low recharge of rivers during the winter period when the precipitation fall in the form of snow and the ground surface is frozen. Despite of the reasons, such drought is labelled as a multiyear drought (Tallaksen and Van Lanen, 2004) .
Inter-relations among river basins according to drought parameters
The aim of the factor analysis utilization was to look after interrelationships among evaluated river basins according to estimated drought parameters in respective years. As it comes from the principles of the factor analysis method, the method is used either for reduction of variables in the model, or identification of groups of inter-related variables, or for finding the influence of some unobserved (underlying) variables.
The performed analysis enabled to identify three main groups of inter-related river basins with similar behaviour with respect to drought parameters. The principal method of factor analysis (PFA method, principal factors, VARIMAX rotation) was applied; four factors were extracted when evaluating the drought parameters (Table 4) in respective basins. Three of the factors were the common ones; the fourth factor was the unique one. Results of factor loadings calculated after VARIMAX rotation are in Table 5 . Numbers in bold in Table 5 are the highest values in the respective factor. The initial communality estimates have been constructed from the squared multiple correlations of each variable with all of the other variables. The resulting communalities for all variables were very high, reaching the values 0.83 (Oravica) to 1.0 (Rimava and Poprad). The model of four extracted factors explained the 98.99% of the total variability of the original data.
The factor 1 is a common factor which implies all river basins located in the western, southern and eastern part of Slovakia (Myjava, Kysuca, Nitra, Žitava, Ipeľ, Rimava, Torysa and Topľa). Factor 2 is also a common factor implying river basins located in the central part of the country (Váh, Nitra and Hron) and factor 3 implies river basins in the northern part of Slovakia (Váh, Oravica and Poprad), all three representing the mountainous (alpine) type river basins. The factor 4 is a unique factor, implying only the Kysuca River basin. It can be seen, that high factor loading of the same river basin drought parameters could be found in two factors at the same time, as it is the case of the Kysuca River basin (factor 1 and 4), Nitra River basin (factor 1 and 2) and the Váh River basin (factor 2 and 3). The 3D plot of factor loadings for factors 1, 2 and 3 is in Fig. 8 . The plot shows the distinct group of the mountainous basins located in the northern Slovakia (Poprad, Váh and Oravica), then the group of basins in the central Slovakia (Hron, Nitra) and the group of basins of the western, southern and eastern Slovakia (Myjava and Kysuca; Žitava, Ipeľ and Rimava; Topľa and Torysa).
The unobserved (underlying) variables which enabled the extraction of four factors can be identified as geographical location of the river basins, influencing the climatic conditions through the geomorphologic conditions, geological conditions, altitude, orientation towards the prevailing wet air masses movement, etc.
Inter-relationships between water balance components
Considerable changes in the water balance are observed in Slovakia, especially during the last twenty to thirty years. After extremely low precipitation totals during normal period 1961-1990, next period 1991-2016 precipitation totals were extremely high (Table 3) . Despite this, runoff from the Slovak territory decreases significantly. The course of 7-years moving averages of the water balance components is presented in Fig. 9 ; together with the course of the Hurbanovo 7-years moving averages air temperature.
The trend in precipitation is better visible in Fig. 10 where the period 1871-2016 is showed. It is obvious, that the trend in precipitation is not monotonic unlike the winter and summer temperature courses.
A multiple linear regression (Eq. 1) was used to determine the effect of air temperature and rainfall on the areal runoff depth: R ar = 167.60 + 0.3360 P -17.392 T,
where: R ar -average runoff from the Slovak territory; P -average precipitation annual totals on the Slovak territory; T -average annual air temperature at meteorological Hurbanovo station. The multiple correlation coefficient of 0.64 was reached, with the standard error of estimation amounting 46.9.
It follows from the long-term water balance analysis (Eq. 1) that a 100 mm drop in precipitation in Slovakia will cause the runoff drop of 33.6 mm. An increase of the mean annual temperature by 1°C brings decrease of runoff by 17.4 mm. Synchronously an increase of the mean annual air temperature by 1°C brings increase of balance evapotranspiration by 17.4 mm. 
DISCUSSION
Slovakia is located in the boundary zone between the southern Europe, where precipitation decrease is projected by climate change scenarios, and the northern Europe with expected precipitation increase (European Environmental Agency, 2012) . Therefore, high inter-annual, as well as multiannual variability of precipitation is implied. Air temperature increase in winter and summer was proved by many studies not only in Slovakia, but on the global scale (e.g. Bindoff et al., 2013; .
Warmer air can hold more moisture, which is consequently transported over the continent. In summer, the continent can be very hot and intensive rainfalls occur more frequently also in Slovakia. But the intensive convective precipitation has only regional occurrence and the most of them is consumed by vegetation, or evaporates. The SPI and the SPEI cannot filter out such cases and often indicate normal conditions after heavy rainfalls occurring on only one day in month even thought the rest of month is without precipitation and high temperatures are recorded. Changing intensity and distribution of the precipitation in Slovakia is also noted by the values of the SPI and the SPEI, which reach extremer values on the both sides of the scale.
Increasing winter air temperature can cause higher precipitation in winter season due to potentially higher moisture content in air masses. This could be one possible explanation of the SPI results for the northern river basins. On the other hand, higher winter temperatures causes change of the precipitation state (snow -rain) and also duration of the snow cover. Increase in winter temperatures results in higher ratio of liquid precipitation on total winter precipitation and shorter snow cover duration (Pecho et al., 2010; Záhradníček et al., 2016) . Consequently, higher discharges during the cold season could occur. Therefore, more attention should be paid also to snow conditions changes in further studies focused on the relationship between meteorological and hydrological drought occurrence.
The causes of increased evapotranspiration are several: especially higher air temperature and higher precipitation totals. There could be also other reasons, as increased forestation, or growing stock of wood (Pekárová et al., 2017) .
The evaluation of the longest hydrological drought periods within the 2003, 2012 and 2015 years showed that there are some general similarities among the respective river basins. This was shown by the results of the factor analysis, where three main groups of river basin were estimated. The groups are regionally distributed, creating the group of the northern Slovakian river basins (Poprad, Váh and Oravica), group of the central Slovakian river basins (Hron, Nitra) and the group of the western, southern and eastern Slovakian river basins (Myjava and Kysuca; Žitava, Ipeľ and Rimava; Topľa and Torysa) . This could point on differences in physical-geographical conditions in various parts of Slovakia causing differences in the wet/dry air masses movement, average annual/seasonal temperatures and consequently different values of evapotranspiration. All these factors are the important drought influencing conditions. However, the situation seems more complicated when comparing adjacent river basins in detail, as published by Fendeková et al. (2017a) . A detailed study of drought parameters in the Ipeľ and Rimava, and in the Topľa and Torysa River basins was done. Despite of the basins vicinity, there are differences in temporal and spatial manifestation of droughts in 2003, 2012 and 2015 . The difference between the Ipeľ and the Rimava River basin consists in the basin area, and consequently in the average annual and minimum discharges. The Ipeľ River basin with the smallest area, lowest altitude and highest air temperature suffered from the 2012 drought which is in a good compliance with the meteorological drought occurrence expressed by the SPEI12 index calculated for the Boľkovce meteorological station. The situation in the Rimava basin was different despite of very similar meteorological drought parameters (Rimavská Sobota meteorological station) to those in the Ipeľ basin. The most pronounced drought period in the Rimava basin occurred in 2003, similarly to the Eastern Slovakian River basins of Torysa and Topľa. However, return periods of drought duration, deficit volume, and deficit volume intensity estimated for the Rimava basin were much lower than those calculated for the Torysa and Topľa basins. There, the basin area and river discharge could contribute to partial balancing the unfavourable climatic conditions. Drought development in the Kysuca River basin gives another example of different conditions influencing the drought parameters. The Kysuca River basin was the only one basin with the most pronounced drought in all parameters in 2015. This was the most probably caused by the quite dry climatic conditions in the Kysuce region during the four preceding years 2011-2014 (Fendeková et al., 2017b) . So, the degree of water saturation of the basin could also play the important role.
Quite good correlation between the meteorological and hydrological droughts occurrence in more than the half of the evaluated river basins was proven. The best results were obtained for the Myjava, Váh, Oravica, Kysuca, Nitra, Hron, Ipeľ and Topľa basins, where the meteorological drought was followed by the hydrological one. The lowest SPI values were obtained in the same year as the majority of the hydrological drought parameters in the respective basin. The drought in 2015 was exceptional in the Kysuca River basin, where the dry conditions since 2011 influenced the highest drought intensity in 2015.
On contrary, the hydrological drought parameters were in contradiction with the meteorological drought occurrence in Žitava, Rimava, Poprad and Torysa River basins. The hydrological drought intensity in the Žitava, Rimava and Poprad River basins in 2003 was the lowest one among the evaluated years, despite of the most pronounced low SPI values. The intensity of hydrological drought was better fitted by the values The situation in the Torysa River basin is also remarkable because the comparable SPI values in all three evaluated years resulted in the comparable drought intensities; however the 2012 drought intensity was a bit higher which was in coincidence with the lowest values of the SPEI in the same year. The differences in methodology used for meteorological and hydrological drought evaluation within the presented study did not influence the results of the meteorological and hydrological droughts evaluation. However, the mutual comparison of the meteorological and hydrological droughts, as presented above, could be influenced by them. Whilst the SPI and SPEI compare the rainfall/potential evapotranspiration in a monthly step with the long-term value , the SPA method is based on the recovery of the daily discharges after their decrease below a certain threshold, similarly estimated as a long-term value of the same period. In both cases, there is a threshold limiting the drought occurrence -fixed value of the discharge Q 80 in the case of hydrological drought and fixed limit value for meteorological drought occurrence -value of -1 of the SPI/SPEI. Despite of uncertainties connected to use of the two different methods, the obtained results of meteorological and hydrological droughts occurrence gave a simple picture on relations between the two types of drought in evaluated river basins.
The obtained results are in a good accordance with the results of Laaha et al. (2017) . According to conclusions of Laaha et al. (2017) , the hydrological drought of 2015 was characterised by a different spatial extent than the drought of 2003. In terms of low flow magnitude, a region around the Czech Republic was most affected with annual low flows in 2015 that exhibited return intervals of 100 years and more. This was also the case of the Kysuca River basin, neighbouring the Moravian part of the Czech Republic, where the highest return periods of all drought parameters were reached in 2015 (Table 4) . Comparing the drought onset in 2003 and 2015 , this was more dramatic in 2003, covering more quickly and more homogeneously a larger region of Europe. This was also the case of Slovakian river basins, as showed in Fig. 5 . According to drought onset and duration, the 2003 drought was consistent over the whole territory of Slovakia. The only exception was the 2003 drought duration in the Kysuca River basin. Laaha et al. (2017) also stated, that the difference in spatiotemporal characteristics of the climatic and hydrological drought can best be explained by diverging conditions in the river basins. They found evidence that extreme droughts emerged as a consequence of dry preconditions in the preceding winter and spring months. Such a conclusion was fully confirmed in the case of the Kysuca River basin drought in 2015.
CONCLUSIONS
The evaluation of three drought periods in Slovakia showed that there is a significant difference between the drought parameters in respective years and evaluated river basins.
In general, considering meteorological drought, the increasing air temperature is resulting in the increasing potential evapotranspiration. The role of the potential evapotranspiration in the assessment of water balance has been evident since the mid1990s, when the SPEI often reached lower values than the SPI. The most remarkable differences were noted in Poprad, Oravica, Torysa and Topľa River basins, located in the northern and eastern Slovakia.
Despite of generally similar weather conditions in all three evaluated years, the response of assessed river basins differed significantly. The deficit volume parameters during the most extreme drought period were the highest in the majority of evaluated basins in 2003 and 2012. The only exception was the Kysuca River basin, where the year 2015 was the most extreme one.
The summer droughts prevailed within the evaluated drought periods in the territory of Slovakia beginning in late May to June and peaking in July-August period. However, many of evaluated drought periods continued during the winter up to the next year, ending in early spring months. This was the case of the hydrological drought in the Myjava, Váh, Oravica, Kysuca, Poprad and Topľa River basins where the hydrological drought started already in the period between 31 August and 29 October 2011 and lasted until January to March 2012, or of the Topľa and Torysa River basins where the 2015 drought lasted until 13 January 2016 in Torysa and 3 February 2016 in the Topľa River basin.
The results of the study confirmed that according to evaluated drought parameters, the geographical location of the river basin, its climatic conditions, geological conditions, river basin area, discharge conditions and the climatic situation of the preceding years (influencing the water saturation of the basin) are the most important factors of drought occurrence and intensity.
